Pulsed-field gel electrophoresis (PFGE) is a reliable method for analyzing outbreaks of methicillin-resistant Staphylococcus aureus (MRSA); however, it is time-consuming and technically demanding. A new strain-differentiation method for MRSA, namely phage open reading frame (ORF) typing (POT), is a rapid PCR-based technique, in which the ORFs of lysogenized phage genomes in MRSA are amplified. The aim of this study was to evaluate the utility of the POT method for epidemiological analysis of nosocomial MRSA outbreaks. Forty-four strains from 12 episodes of 3 or more nosocomial MRSA infections in 1 ward within a 4-week period were characterized using PFGE and POT methods. The strains were classified into 16 distinct types using POT and 19 subtypes using PFGE. We defined an outbreak as 3 or more new MRSA infections caused by strains with indistinguishable genetic patterns. The identification of 11 (91.7z) episodes by PFGE, including 4 outbreaks and 7 sporadic events, was consistent with the results of POT analysis. These results suggest that POT is a useful epidemiological tool for evaluating nosocomial MRSA outbreaks.
SUMMARY: Pulsed-field gel electrophoresis (PFGE) is a reliable method for analyzing outbreaks of methicillin-resistant Staphylococcus aureus (MRSA); however, it is time-consuming and technically demanding. A new strain-differentiation method for MRSA, namely phage open reading frame (ORF) typing (POT), is a rapid PCR-based technique, in which the ORFs of lysogenized phage genomes in MRSA are amplified. The aim of this study was to evaluate the utility of the POT method for epidemiological analysis of nosocomial MRSA outbreaks. Forty-four strains from 12 episodes of 3 or more nosocomial MRSA infections in 1 ward within a 4-week period were characterized using PFGE and POT methods. The strains were classified into 16 distinct types using POT and 19 subtypes using PFGE. We defined an outbreak as 3 or more new MRSA infections caused by strains with indistinguishable genetic patterns. The identification of 11 (91.7z) episodes by PFGE, including 4 outbreaks and 7 sporadic events, was consistent with the results of POT analysis. These results suggest that POT is a useful epidemiological tool for evaluating nosocomial MRSA outbreaks.
Methicillin-resistant Staphylococcus aureus (MRSA)
is the most important multidrug-resistant pathogen causing nosocomial infections. When an MRSA outbreak occurs in a hospital, genotyping is required to differentiate between the strains and to define the transmission routes. The most reliable genotyping method for analyzing outbreaks of MRSA is pulsedfield gel electrophoresis (PFGE); however, it is timeconsuming and demands skill and experience. A new method for the differentiation of MRSA strains, phage open-reading frame (ORF) typing (POT), was reported by Suzuki et al. (1) . POT is a rapid, PCR-based method, in which ORFs of the lysogenized phage genomes in MRSA isolates are amplified. The aim of this study was to evaluate the utility of POT for the epidemiological analysis of nosocomial MRSA outbreaks in a tertiary-care hospital in Japan.
MRSA surveillance data were collected, including inpatients' ward, clinical department, presenting symptoms, and results of clinical examinations including bacteriological culture, during 2006-2011 at Kagoshima University Hospital, a 700-bed tertiary-care hospital. Infection was diagnosed based on the criteria proposed by the US Centers for Disease Control and Prevention (2) . A nosocomial infection was diagnosed if causative MRSA was isolated ＞72 h after admission. We defined an outbreak as 3 or more cases of new MRSA infection caused by strains with indistinguishable genetic patterns within a 4-week period at 1 ward. The definition was based on the notice issued from the Health Policy Bureau, Japan's Ministry of Health, Labour and Welfare, July 2011.
MRSA strains were identified using VITEK2 (bá ƒoM áerieux, Tokyo, Japan) in the clinical laboratory of our hospital, and stored individually at -809 C in 10z skim milk until use. For DNA extraction, 1 colony of bacterial cells was suspended in 100 ml of Tris-EDTA and 4 U of lysostaphin was added. The sample was incubated at 379 C for 30 min and heated at 959 C for 10 min. The sample was centrifuged for 2 min at 25,000×g at 49 C to remove cell debris. The supernatants were then frozen at -309 C. All MRSA isolates collected were examined by PFGE and POT, as described by Suzuki et al. (1) . PFGE was performed with the CHEF-DR III system (Bio-Rad, Hercules, CA, USA). The DNA was digested with SmaI (Takara Bio Inc., Shiga, Japan) and the electrophoretic pattern subtypes were analyzed according to the criteria described by Tenover et al. (3) . Even if distinguishable, isolates with 3 or less band differences were classified as closely related PFGE patterns and assigned the same capital letter. POT is a genotyping method for MRSA that detects the retention pattern of 16 ORFs using multiplex PCR. The PCR results for 16 different primer sets were scored as 1 or 0 according to the presence or absence of the amplicon, respectively. This binary code was separated into 2 parts based on the primer numbers (initial part, ORFs 1-8; final part, ORFs 9-16), and was trans- We selected 44 strains from 12 episodes, among several MRSA isolates, as candidates of outbreaks based on the criteria mentioned previously. The POT types and PFGE patterns of the MRSA isolates from the patients are shown in Table 1 . These strains were classified into 13 closely related PFGE patterns (types A-M) and 19 PFGE subtypes. The most frequent PFGE subtype was the A1 type (12 isolates, 27.3z) and the second most prevalent subtype was the E2 type (5 isolates, 11.4z).
All 44 strains were divided into 16 distinct POT types. The most frequent POT type was 207-117 with 20 isolates (45.5z), which consisted of 12 isolates of PFGE type A, 6 isolates of PFGE type E, and 1 isolate each of types I and K1. The second most frequent POT type was 207-113 with 4 isolates (9.0z), which consisted of 1 isolate each of PFGE types A, E1, E2, and I.
Four outbreaks (episode 1, 4, 9, and 10) were identified by PFGE, which were also identified by the POT method, suggesting the efficacy of the POT method in investigating nosocomial MRSA outbreaks. In episode 1, strains 1b and 1c had the same POT number (223-118); however, the 2 strains differed in only 3 fragments based on PFGE analysis and hence, they were considered closely related patterns.
Seven episodes (episode 2, 3, 5, 6, 7, 8, and 12) were not identified as outbreaks by both PFGE and POT. In episode 7, strains 7a, and 7b showed the same POT number (207-113); however, the 2 strains had different PFGE patterns. These 2 patients had been admitted to different clinical departments.
In episode 11, at an intensive care unit (ICU), 3 isolates with the same POT type (207-117) showed 3 different PFGE patterns. Therefore, the POT method misidentified these isolates as an outbreak in this episode. These 3 patients were also admitted to different clinical departments (11a, thoracic surgery; 11b, digestive surgery; 11c, otolaryngology). Therefore, if the same major POT type is identified in isolates from patients in the ward such as the ICU, where a patient frequently enters other wards, other genetic methods including PFGE might be required to evaluate the nosocomial outbreak.
Previous studies have reported that the POT method was useful for the epidemiological study of isolates from blood cultures in a tertiary-care hospital (4). To our knowledge, this is the first study to demonstrate its utility in the estimation of an actual outbreak in a tertiary-care hospital. The results of the POT analysis were consistent with those of PFGE in 11 (91.7z) of 12 episodes. The POT method is thus considered a useful epidemiological tool for investigating nosocomial MRSA outbreaks.
